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(54) Micro machined optical switch 

(57) Optical switches utilizing e eclrostat ca!ly-dnv- 
en actuators lormed from micro machinec olaies are 
disclosed Under an applied voltage a movable plate 
moves toward a ttxed plate or a conductive region of an 
underlying support The switches further include a me- 
chanical linkage fron the actuator to an optical device 
The displacement of the movable plate generated at the 
actuator is transferred, via the mechanical linkage to 
the optica! device The optical device which is pos- 
tioned in close proximity to optically-aligned spaced op- 
tical fibers, IS movable into and out of an optical path 



defined by tne ooticai cores of the opiica! fibers Dy the 
action of the ac:u3:or An "m-plane' optical switch in- 
cludes an actuator having tv.o venically-onented elec- 
trodes, whicn generates a substantially horizontally-di- 
rected displacement of the movable plate and the linked 
optical device An 'out-of-plane" optical switch includes 
an actuator hav ng at least one horizontally-disposed 
suspended above a ccnductive recior ot an underlying 
suppon. The actuator generates a substantially vertical- 
ly-directed Cfsplacement of the movable plate and the 
linked optical de.'^ce 
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Description 

Field of the Invention 

The present invention relates to an optica! switch 5 
Background of the Invention 

Opt'cal switches can be used to turn the hghl output 
of an optical fiber on or off. or. alternatively :o redirect io 
the light to various different fibers all under electronic 
control Such switches can be used tn a vaneiy ol dil- 
ferent applications, including, lor exannple. devices such 
as add-droo multiplexers in wavelength-division-multi- 
plexing systems, reconfigurable networks hot backups ?5 
to vulnerable components, and the like In those and 
other applications, it would be useful to have optical 
switches characterized by moderate soeed low inser- 
tion loss high contrast ratio and low manufacturing cost 

Known optical switches may be categorized, gen- 20 
erally, as belonging to one of two classes One class 
may be referred to as bulk opto-mechanical switches 
In such switches, an input fiber, typically engaged to a 
lens, is physically translatable from a first position to at 
least a second position In each position, the input liber 2S 
optically connects with a different output fiber Bulk opto- 
mechanical switches possess several desirable charac- 
teristics including low cost low insertion loss low back- 
reflection and insensttivity to polarization Unfortunate- 
ly, such opto-mechanical switches are slow, naving re- ^0 
sponse times within the range of 0 1 to 10 seconds 

A second type of optical switch may be referred to 
as an iniegrated-optical switch In such switches an in- 
put fiber is coupled to a planar waveguide typically lith- 
ium niobate or silicon. Output fibers are connected to 
various output ports of the waveguide The electro-optic 
effect, whereby application of a voltage to the 
waveguide changes the refractive index of the various 
regions of the waveguide, is used to change the route 
of an optical signal traveling through the planar -^o 
wavegude tn this manner, an input signal can be 
switched to one of a variety of output fibers While such 
switches are very fast, they are quite expensive and fre- 
quently polarization sensitive 

As such, there is a need tor a low cost opttcai switch 
possessing the desirable characteristics ol opto-me- 
chantcai switches, but having a much greater switching 
speed 

Suntmary of the Invention 

According to one aspect of the present invention, 
there IS provided an optical switch comprising 

an electrochemical actuator comprising a conduc- -ss 
Hve micro machined plate movable in a reciprocat- 
ing manner and a fixed conductive surface 
an optical device for affecting an optical signal 



traveling along an optical path: and 
a linkage that mechanically connects the movable 
plate to the optical device: wheren. 
the linkage, through the reciprocating action of the 
movable plate, is operable to nxive the optical de- 
vice between a first position out cf the opttcai path 
and a second position in the optical path . The switch 
can further compnse a support naving a first surface 
upon which the actuator is disposed The optical de- 
vice can be operable to affect a second opttcai sig- 
nal that IS supported by a thrd and a fourth 
waveguides and the optical device suppor can be 
physically adapted to place tho ootical device in a 
second gap between the first second third and 
fourth waveguides 

The movable plate can be suspended above the 
fixed surface The direction of the reciprocating move- 
ment of the movable plate can be oui-of-plane relative 
to the first surface of Ihe support The linkage cdn nave 
a pivot point lha: divides ihe linkage into a fust portion 
and a second portion and the pivot point can be oper- 
able to reverse the direction of motion of the second por- 
tion of the linkage relative to the direction of motion of 
the first portion of the linkage The switch can further 
comprise an optical device support upon which the op- 
tical device is disposed, and the opttcai device support 
can be attached to the linkage and be physically adapt- 
ed to place the optical device in a gap between a first 
and a second waveguides that support the optical sig- 
nal. The optical device can be operabie to affect a sec- 
ond optical signal that is supported by a third and a 
fourth waveguides and the optical device support can 
be physically adapted to place the optica! device in a 
second gap between the first, seconc third and fourth 
waveguides 

According to another aspect cf the present inven- 
tion, there is provided an eleciromechanical actuator op- 
erable to impart in-plane motion to a device to be actu- 
ated, comprising 

a fixed conductive plate 

a movable conductive p'ale attached by h nges to 
a frame wherein the hinges allow the movable olate 
to rotate about an axis ot attachment, 
hinges for attaching the fixed plate and the movable 
plaie to an actuator support the hmges operable to 
allow the fixed and movable pldtes to be rotated 
from a fust in-plane position wherein the plates are 
lying on the actuator support, to a second out-of- 
plane position wherein the plates are substantially 
perpendicular to the actuator support and 
a linkage for mechanically attaching the movable 
plate to the device to be actuated 

wherein 

the fixed and movable plates are suitably spaced 
to support an electrostatic charge therebetween opera- 
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ble to cause the movable pUio to move towards the fixed 
plate in a direction suhslHnlnlly r>^tri\\n\ to the actuator 
support upon application ol a volirtoc the movement of 
the movable plate causmc; the hnk-^ac to move and. in 
turn, moving the device to be actuntcd Irom a first un- 
actuated position to a second actuHicd position The 
linkage can have a hmqo ihni scamcnts ihc hnkriqc into 
a first portion and a second port on and the hinge can 
isolate the second ponion trom r-.ny out-of-planc forces 
delivered to the t-rst ponoi ty ihc movable plate The 
actuator can further comprise n device support lor sup- 
porting the device to be HCiUHicd ^nd the device sup- 
port can be atiachcc to ihc imkriao by .i hinge operable 
to allow the device suppor: to be (ot.iicd Irom ri fust in- 
plane position, the oev ce suopon ar be ly ng on the 
linkage to a second oul-of -plane ;x->'..ii ten ,ind the device 
support can be substaniiaiiy pcrpcriOKutif to ihc actu- 
ator support 

According to a further aspect ot the invention there 
ts provided a eleciromechdmcal i t^iuf opcr nblc to im- 
part out -of -plane motioii tOrtcJoviCL; t;^b-j nctu^lcU com- 
prising 

a nonmoving conductive surl^icc 
a movable conductive pinic suppor:cdovcf the non 
moving surtace oy a pialo suppDft having a flexible 
member tnat allows the movable plaie to move in 
an out-of-olane direction relative to the nonmoving 
surface and 

a linkage for mechanically atlachtng the movable 
plate to the device to be actuated the linkage hav- 
ing a pivot point segmenting the linkage into a first 
portion and a second portion 
wherein the first portion of the linkage has the same 
direction of motion as the nDovabIc plate and the 
second portion of tine linkage has a direction ol mo- 
tion that ts opposite that of the movable plate 
wherein, 

the nonmoving surlace and movable plate are suit- 
ably spaced to support an electrostatic charge ther- 
ebetween operable to cause the movable plate to 
move towaros tne nonmoving plate m a direction 
substantially perpendicular to the actuator support 
upon application ol a voltage the movement ol the 
movable plate causing the inkage to move and in 
turn, nnoving the device to tre actuated Irom a lirst 
unacluated pcsmon to a second actuated position 
The actualoi can furlhei corrtpiise a device support 
foi supporting the device to be dcluated. and the 
device support can be attached to the linkage by a 
hinge operable to allow the ccvce support to be ro- 
tated from, a first in plane position the device sup- 
port can be tying on Ihc linkage to a second out ol 
plane position and the device support can bo sub- 
stantially perpendicular to the actuator support 

Optical switches utilising electrostatically -driven ac- 
tuators comprising hinged plates are disclosed An 'in- 



plane" optical switch includes an actuator comprising 
two vertically -oriented electrodes, and a linkage from 
the actuator to an optical device. One of the electrodes 
is movable, the other of the electrodes is fixed The op- 
5 ttcal device is positioned in close proximity to two 
spaced optical fibers that are aligned to optically com- 
municate The optical device is movable into and out of 
an optical path defined by the optical cores of the optica! 
fibers upon application ct a horizontal or tn-plane dis- 
10 placement of sufficient rragnitudc 

As a voltage is appi.ed across the eiocirodes by a 
controlled voltage source, the movaole eecirode 
swings towards the fixec electrode The substantially 
horizontal displacemen* of the movable electrode is 
transferred, by tne linkage to the optical device As a 
result the opltcal device -noves horizontaity or m-plane 
along a path that places *: in or out ol the optical path 
as a function of the back and lorth oscillatory-type mo- 
tion of the movable elecuode 

An "oul-of-plane" oplcal switch includes an aciua- 
tof corr.piising at least one horizontdlly-d sposed veiii- 
cally-movable electrode that is suspended over a con- 
ductive region o' a support, and a linkage from the ac- 
tuator to an oottcal device As a voltage is applied from 
2S a controlled voltage source across the electrode and 
conductive region, the vertically-movable electrode 
moves downwardly to^\=:rd the conductive region The 
Inkage. wnich is preferably a beam and pivot member 
configured in a teeter or seesaw fashion transfers the 
30 vertical or out-of-plane oscillatory -type motion of the 
electrode to tne optical device positioned between two 
optical fibers The opt ca! device moves vertically into 
and ou: of an optical patn defined by the optical cores 
of the optical fibers as a function of the motion cf the 
35 electrode 

Brief Description of the Drawings 

Further features o' the invention will become mce 
-0 apparent from the follov, mg detailed description of spe- 
cific embodin^enis thereof when read in conjunction wr.h 
tne accompanying drawings in which. 

FIG 1 shows a sim^ined schematic ol a tirst exem- 
-'i> plary embociment c-^ an in-plane optcal swucn ac- 
cording to the present invention 
FIG 2 shows an exempiary embodiment of an ac- 
ludlof suitable lor dCtuating the switch ol FIG t 
FIG 3 shows an al'.etnale embodimentof a suspen- 
se sion means for suspending the movable esecirode 
of the actuatory of "!G 2 from its frame 
FIG 4 shows an exemplary embodiment ol a lin-^- 
age that connects the actuator to the optica! device 
FIG 5 shows an exemplary embodiment of a hinge 
55 for use in the exemplary linkage ol FIG 4 

FIG 6 shows a smplihed schematic ol an out<l- 
plane optical swilcn according to the present inven- 
tion 
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FIG 7 shows an exemplary embodiment ol an ac- 
Xu^xcx suitable for actuating the out-of -plane optical 
switch of FIG 6 

FIGS 8a-c show alternate exemplary embodiments 
of a linkage and pivot member; and 
FIGS 9a-9b illustrate a 2 x 2 optical switch accord- 
ing 'o the present invention 

Detailed Description 

The ::resent inven:ior is directed to a micro me- 
chanica mnged-plate actuator and an optical switch in- 
corporating same Sue-, an opiical switch is useful in 
conjunctor with a variety of optical systems, includinc 
wfthcut hmiiation packet routers ADMs, reconfigurable 
networks and the like 

According to the present invention the atoremen- 
tioned hinged-plaie actuator is used to move an optical 
device into or ou: of the path of an opiical signal. In a 
first emoodimenl the aciualor and optical switch are 
configuied to piovide "in-plane" switching, and in a sec- 
ond emDodiment. the actuator and optical swcch are 
configured to provide "out-of -plane" switching 

As jsed herein, the terms "in-plane", honzontai. 
'out -ot -piano' and vortical reference a direction or loca- 
tion relative to the surface of a support upon whiich the 
optical switch resides For example, in-plane or horizon- 
tal movement refers to rrxDvement in a direction parallel 
to the surface of the support 

FIG 1 shows a simplified schematic of an exempla- 
ry embodiment ol an in-plane optical switch 2a accord- 
ing to the present invention 

The optical switch 2a includes a htnged-plate actu- 
ator ^a an opl'cal devices and a linkage 6a The optical 
switch 2a and two waveguides 12 14 are disposed on 
a support 16 The linkage 6a mechanically links or in- 
terconnects the hinged-piate actuator 4a to the optical 
device 5 The linkage 6a is situated along an axis 1-1 
passing through a gap 10 between waveguides 12 and 
14 For the dariry of illustration and descnption. the 
wavegudes 12. 14 are presented as optical fioers. It 
should be understood, however, that the present optical 
switch can be used in conjuncLion with other optical 
transmission media 

The linkage 6a anc optical oevce 8 are oosiiicned 
relative to the optical fibers 12 14 so that the optical 
device is movable between a first position that is in the 
pdlh ol dn opucdl signal traveling between the fibers, 
and a second position that is out of the optical path 
Snce as described above the actuator 4a imparts an 
in-plane motion to the linkage 6a the optical device 6 
moves horizontally back-and-fonh. i.e.. in a reciprocal 
ing like motion, ndicalcd by the direction vector 15 
moving nto and out of the optical path. It should be ap- 
preciated that optical switch 2a can be configured so 
that the optical device S is at the first posilon (in the 
optical path) when the actuator 4a is actuated and at 
the second position (out of the optical path) when not 



actuated or vice-versa 

The optical devce 8 can be any one of a variety of 
structures suitable for affecting the op:»cal signal in 
some manner For exarpple. the optical device 8 can be. 

5 without limitatKXi. dielectric mirrors, dielectric filters, po- 
larizers, attenuators and devices having a nonlinear op- 
tical response such as frequency couble- 

FIG 2 shows an exemplary embodiment of the ac- 
tuator 4a The actuator 4a consists of a f xed electrode 

JO 20 and a mo-^able electrode 30 that are spaced from 
one another in a presently preferred er^:?odimeni. the 
electrodes 2C 30 as well as other elements of the oo- 
tical switcn 2a described below are i.^::!e'nented as 
hinged plates Sucn hmced plates a-e .sell known to 
those skilled in micrcrrechanics See. Pister et al "Mi- 
crofabricatea Hinges ' vol 33, Sensors and Actuators 
A pp 249-56 1992 incorporated by re-erence herein 
Hinges suitable for use ;n the con)unci'on with such 
hinged plates are described therein anc in copending 

20 u S Palenl Application docket no AKsyuk 1-6-3. enti- 
tled METHOD AND APPARA"^US FOR IV1AKING A 
MlCRCDEVtCE. filed on even date he'e-.%:th and incor- 
porated by reference herein. 

As previously noted, the fixed electrode 20 is pref- 

25 crably hingcc such as by hinges 19 to the support 15. 
A support plate 26 is prefe'-ably used to support the fixed 
electrode 20 n an upright or outof-plane t>osilion tn the 
Illustrated embodiment the support plaie 26 receives 
the edge 21 of fixed electrode 20 in a nolcn 27 The sup- 

30 port plp.te 26 is preferably hinged to the support 15 via 
hinges 28 In a presenily preferred emibodiment. a sec- 
ond support plate, not shown, is used in conjunciior with 
the support plate 26 receiving edge 23 of the fixed elec- 
trode 20. 

35 The movable electrode 30 is suspended by suspen- 
sion means 40 from cross member 3S o^ frame 36 The 
suspension means 40 ^s suitably configured to allow the 
movable electrode 30 to swing towards the fixed elec- 
trode 20 In the emoodimenl shown in FiG 2. the sus- 

■*o pension means 40 are hinges. An alternate embodiment 
of the suspension means 40 is illustrated in FIG 3. 
which shows a partial view of the frame 36 and tne mov- 
able electrode 30 The alternate embodiment of the sus- 
pension means 40 conprises a siruojs flexible men- 
Der 39 The member 39 flexes as reqjir-ea to allow the 
electrode 30 to swing towards the fixea electrode 20 
Other configurations of the suspension means 40 suit- 
able foi functioning as described above Tdy suitably be 
used 

so The frame 36 is hinged to the suppor. 16 by hinges 

42 Preferably a support plate 44 is used to suppon the 
frame 36 in an out of plane position In the illustrated 
embodiment the support plate 44 rcccrvcs upright 37 
of the frame 36 in a notch 46 The support plate 44 is 

55 preferaoly hinged to the support 16 Via hinges 48 In pre- 
ferred embodiments a second support plate not 
shown IS used m conjunction with the support plate 44 
receiving uprtghl 3P of the frame 36 
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The fixed electrode 20 is electrically connected lo a 
controlled vott;=»ge source not shown via conductor 24 
and bond pad 22 In the illustrated embodiment, the 
movable electrooe 30 is electrtcalt'/ connected to the 
controlled voltage source via conductor 34 having suit- 
ability length and flexibility and bond pad 32. Alterna- 
tively, the bond pad 32 can be elec/ically connected to 
the frame 36 via a first conductor and the frame 36 elec- 
trically connected to the movaole electrode 30 via a sec- 
ond conductor it another embociment suspension 
means 40 can provide the etectnca' connection between 
the frame 36 and the movable elec:roae 30 

The fixed electrode 20 and n-cvabie electrode 30 
are suitably spaced so that upon ap:iication ot a voltage 
via the controlled voltage source a*- electrostatic attrac- 
tion IS developec between the electrodes sufficient to 
cause the electrode 30 to swing toi^ards tne fixed elec- 
trode 20 To prevent the electrodes 20. 30 from shoning 
small bumps of insulating material not shown, can be 
placed on adjacent surfaces o( the fixed electrode 2C 
the movable electrode 30 oi both etectiodes The insu- 
lating material can be, for example a dielectric, sucn as 
a glue Preferably such a bump of glue should have mi- 
cron-stzed, or sub-micron-sized dimensions A method 
for dclivcnng such a giuc bump is described in a co- 
pending patent application entitled METHOD FOR 
FORMING MICRON-SIZED AND SMALLER LIQUID 
DROPLETS attorney docket no A<syuk 2-7-1 -4 *iled 
on even date herewith assigned to the present assign- 
ee and incorporated by reference herein Alternatively 
any structure suitable lor preventing contact between 
the electrodes can suitably be used 

An exemplary embodiment of the linkage 6a is 
shown in FIG 4 In the embodiment shown in FIG 4 
the linkage 6a consists of a hinged sled 50 and an optical 
device support 6E that is hinged to the sled 50 via hinges 
72 The optical device support 6c includes a projection 
70 upon which the optical device = is disposed A sup- 
port plate not shown similar lo support plates 26 and 
44. can be attached to the sled fcr use in supporting the 
optical device support 66 n an upright out-of-ptane po- 
sition as required for it to project between the optical 
fibers 12 14 Alternatively glue can be used either 
alone or in conjunction with the atorementoned support 
plate, to tlx the ootical device support 6c in the oui-ot- 
plane position Preferably such glje is delivered ac- 
cording to the method described in METHOD FOR 
FORMING MICRON-SIZED AND SMALLER LIQUID 
DROPLETS, lefeienced above 

The sled 50 consists of a first member 52 that is 
linked or attached to the movable electrode X and a 
second member 66 to which the optical device support 
68 IS attached In a preferred embodiment, the first and 
second members 52. 66 are interconnected via hmge 
54 The hinge 54 functions as an outof-plane motion 
decoupler In other words the hrge 54 allows the first 
member 62 to move in an out-o'-plane direction inde- 
pendently of the second membe' 66 This ensures that 



the path of the optical devce 8 into and out of the optical 
path is not affected by any out-of-plane component of 
PDOtion imparted to the first member 52 as a result of the 
motion of the movable electrode 30 as it swings towards 
s and away from the fixed electrode 20. An exemplary em- 
bodiment of the hinqe 54 is shown in FIG 5. 

In the embodiment illustrated in FIG. 5, the hinge 
54 consists of interdigitated tmger members 58a-d. 62a- 
c Finger members 5^ a-d depend f rem end 56 of the first 
JO member 52 Each of the finger memoers 58a-d is ^-it- 
lached to a bar 60 Ftnger members 62a-c depend from 
end 64 of the second member 66 Each of the finger 
members 62a-c are interdigitated between the finger 
members 58c-d anc iUached to a bar 65 Alternatively 
IS multiple hinges can be used as required to withstand the 
stresses imparted ty the actuator 4a 

It should be unoerstood that configurations or struc- 
ture other than the hinge 54 operable to decouple the 
out-of-plane motion ct the first member 52 from the sec- 
20 ond member 56 may suitably be used 

With continLinc refeience to FIG 4, the profection 
70 of the optical device support 53 is situated in the 
space 10 between two spaced optical fibers 12. 14 
When the actuator 4a is actuated le voltage is applied. 
2S the movable electrode 30 is drawn towards the fixed 
electrode 20 As a result the sled 50 moves away from 
axis 2-2 coincidng with the optical path defined by op- 
tical cores 13 and 15 i e the sled moves towards the 
left of FIG 4 The optica! device support 63 which is 
30 attached to the sled and the optical device 8 which is 
disposed on the suoport 66, are thereby moved out of 
the optical path *he actuated slate, as described 
above, is pictured in FIG 4 

A structu''e suitable for providing a restoring force, 
35 such as springs 74 are attached tc edges 76. 77 of the 
second member 66 and attached to the substrate 1 6 at 
spring end 78 Once the actuating voltage is removed, 
the springs 74 provides a restoring force or bias to return 
the sled 50 to its unactuated posit on In such a state 
-iO the movable electrode X hangs vertically along the axis 
3-3 Referring to FIG 4, it can be seen that in the unac- 
tuated state the sled wil' move towards the axis 2-2 
The spacing between the electrodes 20 30 is set so that 
.n the unactuated state the optical device 68 intersects 
the optical path The springs 74 also minimize any 
movement along the direction of the axis 2-2 

The above-oescribed out-of-plane electrode conlig- 
ufdlion can advantageously cieaie a Idige in-plane mo- 
tion The electiodes 20, 30 and hinges and vauous sup- 
50 port plates can be fabricated using standard photolitho- 
graphic techniques Since the electrodes 20. 30 must 
be conductive iney should be formed of a conductive 
material, such as polysilicon. or coated with metal to im- 
part conductivity if formed I rem a nonconductive male- 
55 rial After patterning the various hinged elements com- 
prising the opttcal switch such elements are lying flat 
I e in-plane on the support 16 The switch is assem- 
bled for use by lifting the free ends of the various ele- 
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moots so thai they rolnlc ouiol-pli^no Some of the el- 
ements such ;^s Iho clrjclrorirs ?C) nnd the optical 
device support 68 will be oriented piclcrHbly perpendic- 
ularly to the support while others sucri as the support 
plates, will be rotated lo some nnqie Irom the perpen- 
dicular suitable for stabih/inq the pcrpendiculafly orient- 
ed elements In prelcr-cd embodiments liUinc men-- 
bers. not shown such as thin rods htc dildched lo each 
hinged element to aid in litttnp the cicmcni oH the sup- 
port 16 

The aforedescrioca optical switch 2a is character- 
ized as an 'in-3tanc" switch \n turner cmbodinncnt of 
the present invention an outoi pi.inc optcnl switch 2b 
consists of an actuator 4b contiquied to imparl out-of- 
plane motion ndicatedby directon vecior 19 lolhc op- 
tical device 5 -!G 6 shows a sirrpliiiedscncrTViiic of an 
exemplary embodiment ol such an opt cn switcn 20 

The optical switch 2b includes a p-nic nciuHior 4fc 
an optica! device B and a linkaqc 6t Tie optica swncn 
2b and Iwo optical fibers 1 2. 1 4 arc Uibposc^j on a sup- 
port 16 The linkage 6b rncchaii»cnHy link:* u iiitcicon- 
necls the plate actuator 4b to the opl»Cfil device 5 The 
linkage 6b is situated along axis 1-1 passing through 
gap iO between the op'.ical fibers 

The linkage 6b anc optical acvcc 5 .ue positioned 
relative to the waveguioos 12 1 4 sc that the epical de- 
vice IS movabe betweeen a first positon ihal is in the 
path of an opitcal signai traveling between the libcrs 1 2 
and 14 and a second position that is out o! the optica! 
path Since as mentioned above the aciuaior 4b im- 
parts a vertical or oul-of -plane molten lo the linkage 6b. 
the optical device B therefore moves in a substantially 
•up-and-down* or vertically rectprocaimg motion into 
and out of tne optical path It should be appreciated that 
optical switch 2b can be configured so that the optical 
device 5 is at the first position tin the optical path) when 
the actuator 4b is actuated and at the second position 
(out of the optical path) when not actuated or vice-ver- 
sa 

FIG 7 shows an exemplary embodiment of the ac- 
tuator 4b and an exemplary linkage 6b thai iniercon- 
necls the actuator to the opitcal device 6 The exemplary 
actuator 4b inctuaes two plate electrodes SOa BOb sus- 
pended over support 16 by fcur electrode supports 54 
The plate electrodes SOa. BOb are interconnected by a 
bar 82 In other embodiments more or less than two 
plate electrodes can be used 

In one embodimenl. each elecliode suppoil 84 con- 
sists of a conductive flexible membei oi spring 5S and 
a spring support 86 The electrode supports 84 serve 
the dual function of supporting the plate electrodes 60a 
BOb above the support 1 6. as welt as providing electrical 
connection to the plate electrodes The spring support 
c6 IS elecincally connected lo a controlled voltage 
source not shown It should bo understood that more 
or less than the lour electrode supports 84 shown, and 
having other conliguranons suitable for achieving Ihe 
afore-described functions, as will occur lo skilled prac- 



tioners may suitably be used to the support the plate 
electrodes 6Ga. BOb 

Preferably, an insulating layer is disposed on the 
support 16 except n the regions I6a I6b located be- 

5 nealh respective plate electrodes BOa. BOb. Altemative- 
ly a conductive material can be disposed on top of the 
insulating layer at the regions I6a. I6b The conductive 
portions I6a, I6b are electrically connected to the con- 
trolled voltage source v a pads 89 and wire traces 90 

'0 The plate electrodes SOa BOb are suitably spaced from 
respective conductive regions l6a lob located there- 
under so that upon application of a vortage via the con- 
trolled voltage source, an electrostatic attraction is de- 
vetooed between the plate electrodes and the underly- 
ing conductive regions sufficient locause the plate elec- 
trodes BOa, BOb to move downwardly tov»ards the sup- 
port 16 The springs 86 deform as necessary to allow 
the plate electrodes to move from their unbiased qui- 
escent position 

^0 In the exemplary embodiment shown \n FIG 7 the 
linkage 5b consists of a beam 92 diSDOsed on a pivot 
member 94 The pivot member 94 civides me beam into 
a first part 92a and a second part 92b. The oeam 92 is 
attached, at beam end 9i lo the bar 82 An optical de- 

2S vice suDport 96 is attached to the beam 92 near beam 
end 93 In preferred embodiments tne support 96 is 
hinged to the beam 92 via hinges 100 The opttcai de- 
vice support 96 includes a projection 98 upon whtcn the 
optical device 8 IS disposed A support plate not shown 

30 similar to support plates 26 and 44 discussed in con- 
junction with the actuator 4a. can be attached lo the 
beam 92 Such a suppor plate is used :o support the 
optical device support 96 in an upr.ghi out-of-plane po- 
sition as required for it lo project between the optical 

35 fibers 12. 14 As noted oreviously in conjunction with the 
optical device support 65 of the optical switch 2a glue 
can be used alone or in conjunction with me aforemen- 
tioned plate suppon to fix the optical dev ce suppcrt 96 
in an upright position 

■io As previously described when :he acvja:or 4b is ac- 
tuated, i.e . voltage is applied across the plate elec- 
trodes and the conductive regions 16a. i6b the plates 
electrodes BOa. 60b move downwardly towards the con- 
ductive regions As the plate electrodes move down- 
wardiy the bar 82 depending therefrom drives the first 
pan 92a of the beam 92 downwardly Due to the pres- 
ence of the pivoi member 94, the second oan 92b of the 
beam 92 moves upwardly as Ihe Itrst pail 92d moves 
downwardly in the mannei of a 'seesaw" or 'leetei ' By 

30 suitably selecting the distance between the pivot mem- 
ber 94 and optica! device 5. the optcal device is caused 
to move into and out of the opttcai path defined by fiber 
cores 13 15 as a function of the oscitla:ory motion of 
the plate electrodes BOa BOb 

55 In ine embodiment pictured in FIG 7 the optical de- 
vice 8 moves out of the optical path as bias is applied 
tt will be appreciated that in other embodiments the 
switch 2b can be configured so thai the optical device 8 
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moves into ihe optical path when bias is applied The 
plate electrodes 80a. 80b hinges and various support 
plates comprising the optical switch 2b can be fabricated 
and assennbled as described for the optical swrtch 2a 

FIGS. Sa-c show atternative ennbodiments of the 
linkaqeSbandpivotmember 94 InFIG 8a the bar 82 
has a projecting member 83a which rests on top of an 
upper surlrxe i02 of the first part 92a of the beam 92 
The pivot member 94 has arms 94a. 94b projecting from 
opposite edges 1 03 1 04 of the beam 92 along axis 4-4 
The arms 94c: 94b are supported by pads 95a. 95b Ex- 
tra support pads 97a 97b can be usee as required As 
the p ate electrodes SOa 50b move downwardly the bar 
82 and projection 83 force the first part 92a ot tne beam 
92 down The beam 92 folates atou: the axis 4-4 so that 
the second pai 92b of the beam 92 rises as the tirst part 
92a drops 

The emtcdiment illustrated in FIG 6b includes a t- 
shaped projection S3b depending from the bar 82 that 
rests on lop of a simtidrl/ i-shaped region 1 0 1 ci .he lirsl 
part 92a of the beam 92 The t-shaped ptojection 53b 
attacned to the l-shaped region lOi near the eages 
105a. 105b Arms 94c 94d depending from opposite 
edges 1 03 1 04 o1 the beam 92 along axis 4-4 The arms 
94c 94d arc supported oy pads 95c. 95d As in previous 
embodiments the beam 92 rotates about the axis 4-4 
as the first part 92a is criven downwardly 

The embodiment .tlustraled ir FIG Be includes 
springs 106 operable tc provide a restoring force to the 
beam 92 via spring receivers lOSa, 105b when switch- 
ing to an unactualed state from the actuated state The 
springs 106 force the second part 92b of the beam 92 
downwardly which, due to rotation about axis 4-4 
caused by the pivot member 94 causes the frst part 
92a of the team 92 to rise to its unactualed or auiescert 
posit on 

In the foregoing embodiments the exemplary opti- 
cal switches were depicted as 1 x i switches i e used 
in conjunction with two optical fibers It is to be under- 
stood that opltcal switches according to the present in- 
vention can be implemented as 2 x 2 switches as well 
A simphfiec diagram of 2 x 2 switch operation is illustrat- 
ed in FIGS 9a and 9b 

FIG 9a snows the cross state wherein an optical 
signal 110 travels trom. opiical fiber 112 to r-: and op- 
tical signal 120 travels ^rom optical fiber 122 to 124 In 
the cross state optical devices 8a. 8b. not pictured are 
not in the optical path FIG 9b shows the bai slate 
whei etn the optical signal 1 1 0 ;s not received by the tibei 
114 Rather travels the optical signal! 10 is received by 
a first optical device 8a now interposed between the fib- 
ers The first optical device 8a is disposed or, one side 
of the optical device support 68 96 For the purposes 
of illustration the first optical device 8a is assumed to 
be a dielectric mirror The optical signal 110 is reflected 
from the optical device 8a to the fiber 124 For a 2 x 2 
switch a second optical device 8b is disposed on a sec- 
ond side of the optical device support 68, 95 The optical 



signal i20 is received from fiber 122 by optical device 
8b and reflected to the fiber 114 

Thus, to implement the exemplary optical switches 
2a. 2b as 2 x 2 switches, the linkage 6a. 6b is positioned 

5 at a 45' angle to the fibers, rather than perpendicular to 
them as in the aforedescribed 1 x 1 switches. As de- 
scnbed for use as a 2 x 2 switch, an optical device is 
access ble from either lace of the optical device support 
f\^oreover. it will be appreciated for the case of an in- 

10 plane f switch 2a> 2x2 switch the optical device S must 
move through a greater horizontal dis:ance when mov- 
ing into and out of the optical path Thus greater mcvo- 
ment ot the movable electrode 30, relative to a 1 xl in- 
ptemeniation. must be provided for 

rs Although specific embodiments of this invention 
have beer shown and described herein, it is to be un- 
derstood that these embodiments are merely illustrative 
of the many possible specific arrangements that can be 
devised in application of tne principles of the invention 

20 Numerous and varied other arrangements can be de- 
vised in dccoi dance with these piinciples by those of 
ordinary skill in the art without departing from the scope 
and spirit of the nventon 

2S 

Claime 

1. An optical switch comprising 

30 an electromechanical actuator comprising a 

conductive micro machined plate movable in a 
reciprocating manner anc a fixed conductive 
surface 

an optical device for atfeciinq an optical signal 
35 traveling along an optical path, and 

a linkage that mechanically connects the mov- 
able plate to the opt.cal device wherein, 
the linkage, through the reciprocating action of 
the movable plate is operable tc move the op- 
40 tical device between a first position out of the 

optical path ard a second position ir the optical 
path 

2. The ODDcai switch ot claim 1 furtner comprising a 
sucoort having a first surface upon which the actu- 
ate IS disposed 

3. The optical switch of claim 2 fu'lher compiising two 
waveguides foi supporting propagation of the op:t- 
cai signal the two waveguides are spaced to pro- 
vide the optical device access to the optical signal 

4. The optical switch of claim 2 v/hcrcin the movable 
plate and the fixed surface are out-of-plane relative 
to tne first surface of the support 

5. The optical switch of claim 4 wherein the direction 
of the reciprocating nrnDvemeni of the movable Dla:e 
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o( claim 3 is m planc relative to the first surlace o( 
the support 

6. The opliCHl switch o( claim 5 wherein the movable 
plate comprises a frame, and a plate having a first 5 
end and a second end, wherein, the plate is en- 
gaged at Its tirsi end to the frame, the engagement 
allowing the plate ic rotate about the axis of engage- 
ment 

7. The optical s^/tich of claim 6 wherein the linkage f5 
connected lo the second end c( the plate and has 
a out-cl-pianc motion decoupler 

8. The opijcal switch of claim 6 wherein the frame and 
l.xcd surface arc roiabty attached to the tirsi surlace 
ol the support so tnat ihey can be rotated from a 
first position wherein the lixcd surlace and the 
frame are lying on the first surlace of the suppon 
to a second position wherein they are substantially 
pcipeiiOiculai to d pidne defined by the fust surface 
of the support 

9. The optical switch cl claim 7 and further comprising 
an opticiil device support upon which the optica! dc 
vice IS disposed wherein the optica! device suppon 
IS attached to the linkage and is physically adapted 
ID place the optica! device in a first gap between a 
lifsl ann a second waveguides that support the op- 
tical signal -"^ 

10- The optical switch of claim 9. and further wherein 
inc optical device is operable to affect a second op- 
tca! signal ttial is supported by a third and a fourth 
waveguides and wherein the optica! device support 
IS physically adapted to place tne optical device tn 
a second gap between the first, second third and 
iDurth waveguides 



so 



EP 0 880 040 A2 





EP 0 880 040 A2 




EP 0 880 040 A2 




EP 0 880 040 A2 




FIG. 6 



EP 0 880 040 A2 







FIG. 9a 



EP 0 880 040 A2 




FIG. 9b 



(19) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




(12) 



(88) Date of publication A3 

03.02.1999 Bulletin 1999/05 

(43) Date o( publication A2 

25.11 1998 Bulletin 1998/48 

(21) Application number 98303498.4 

(22) Datcollilinq 05.05.1998 



(11) EP 0 880 040 A3 

EUROPEAN PATENT APPLICATION 

(51) Intel 6 G02B 6/26, G 02 B 26/02 



(84) DesinnHiocI Contrncting States 

AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 
MC NL PT SE 

DcsianHtcd Extension States 
AL LT LV MK RO SI 

(30) Pnori;y 15.05.1997 US 856569 

(71) Appltcant LUCENT TECHNOLOGIES INC. 
Murray Hill New Jersey 07974-0636 (US) 



(72) Inventors 

• Aksyuk. Vladimir Anatolyevich 
Piscataway, N.J. 08854 (US) 

• Gam me I. Peter Ledel 
Mlllburn, N.J. 07041 (US) 

• Bishop, David John 
Summit. N.J. 07901 (US) 

(74) Representative Johnston, Kenneth Graham et al 
Lucent Technologies (UK) Ltd, 
5 Mornington Road 
Woodford Green Essex, IG8 OTU (GB) 



(54) Micro machined optical switch 

(57) Optical switches utilizing e ectrostaticaily-drtv- 
en actuators formed Uom micro machined plates are 
disclosed Under an applied voltage a movable plate 
moves toward a tixcd plate or a conductive region of an 
underlying support The switches Itrlher include a me- 
chamca! linkage Irom the actuator to an optical device 
The displaccmcni of the movable plate generated ai the 
HClualor 15 transferred via the mechanical linkage, to 
the optical device The optical device which is posi- 
tioned ir close proximity to optically aligned spaced op- 
tical fibers IS movable into and out of an optical path 



defined by the ootical cores of the optical fibers by the 
action of the ac.ua'or An •in -plane* optica switch in- 
cludes an actua:or having two verticallyonented elec- 
trodes which generates a substantially horizontally-di- 
rected displacement of the movable plate and the linked 
optical device An •oui-of-plane" optical switch includes 
an actuator having at least one horizontally-disposed 
suspended above a ccnductive region of an underlying 
support The actuator generates a substantially vertical- 
ly-directed displacement of the movable plate and the 
linked optical device 
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